Podocnemis expansa and P. unifilis present 2n = 28 chromosomes, a diploid number similar to those observed in other species of the genus. The aim of this study was to characterize these two species using conventional staining and differential CBG-, GTG and Ag-NOR banding. We analyzed specimens of P. expansa and P. unifilis from the state of Tocantins (Brazil), in which we found a 2n = 28 and karyotypes differing in the morphology of the 13 th pair, which was submetacentric in P. expansa and telocentric in P. unifilis. The CBG-banding patterns revealed a heterochromatic block in the short arm of pair 13 of P. expansa and an interstitial one in pair 13 of P. unifilis, suggesting a pericentric inversion. Pair 14 of P. unifilis showed an insterstitial band in the long arm that was absent in P. expansa, suggesting a duplication in this region. Ag-NORs were observed in the first chromosome pair of both species and was associated to a secondary constriction and heterochromatic blocks.
Cytogenetic studies on species of the order Testudines are very scarce when compared to other orders of the class Reptilia (Barros et al., 1976) . According to Ezaz et al. (2006) , there is karyotypic information on approximately 150 species belonging to twelve families (Cheloniidae, Chelydridae, Emydidae, Kinosternidae, Testudinidae, Trionychidae, Carettochelyidae, Chelidae, Podocnemididae, Pelomedusidae, Dermochelyidae and Dermatemydidae).
There are currently three recognized karyotypic groups defined for the order Testudines: I) karyotypes with high diploid numbers, 2n = 60 to 64 chromosomes, with the presence of microchromosomes; II) karyotypes with diploid numbers ranging from 2n = 50 to 56 chromosomes and with less microchromosomes than in the first group; III) karyotypes with low diploid numbers, ranging from 2n = 26 to 28 chromosomes, and without microchromosomes (Ayres et al., 1969; Barros et al., 1976; Bull and Legler, 1980; Bickham et al., 1985) .
The Podocnemididae family consists of three genera (Erymnochelys, Peltocephalus and Podocnemis) distributed through Madagascar and South America (Noonan, 2000) . According to Ramírez et al. (2008) , the genus Podocnemis includes six species (P. expansa, P. vogli, P. sextuberculata, P. unifilis, P. lewyana, P. erythrocephala) , which have diverged in this sequence according to molecular phylogenetic data. Cytogenetic studies in Podocnemis have revealed that species of this genus present the same diploid number of 2n = 28 (Rhodin et al., 1978 , Ortiz et al., 2005 , Fantin and Monjeló, 2011 . Huang and Clark (1969) described the karyotypes of P. expansa and P. unifilis, which were characterized by a comparatively low diploid number, the lack of microchromosomes and of sex chromosomes and by the presence of several secondary constrictions. The aim of this study was to perform cytogenetic analyses of Podocnemis expansa and P. unifilis, using conventional staining and CBG-, GTG-and Ag-NORs banding patterns.
The samples were obtained from six specimens of P. expansa from the Experimental Station of the Universidade Federal do Tocantins -UFT (Palmas-TO) (IBAMA license number 028/05-RAN), and seven fertilized eggs of P. unifilis from the Tocantins River in the municipality of Ipueiras-TO.
Metaphase preparations were obtained from the peripheral blood of P. expansa (Moorhead et al., 1960) and from fertilized eggs of P. unifilis (De Boer, 1984) . CBG-, GTG-and Ag-NORs banding were performed according to Genetics and Molecular Biology, 36, 3, 353-356 (2013) Sumner (1972) , Seabright (1971) and Howell and Black (1980) , respectively.
An average of 40 metaphases per sample were analyzed after conventional Giemsa,staining and photographs were used to mount the karyotypes. This was followed by sequential analysis of CBG-and Ag-NORs banding.
The P. expansa ( Figure 1a ) and P. unifilis (Figure 1b ) specimens presented 2n = 28 chromosomes and fundamental numbers of FN = 54 and 52, respectively. The karyotypes were mounted according to Rhodin et al. (1978) and the chromosomes were divided into morphological groups to allow a better comparison between the species.
Pairs 1, 2 and 3, the largest metacentrics, were similar between the two species. Pair 4 was an acrocentric with a visible short arm, pairs 5 to 12 were metacentric, and pair 14 was telocentric. The only difference between the karyotypes of the two species was pair 13, which was telocentric in P. unifilis and a small submetacentric in P. expansa.
After CBG-banding, P. expansa (Figure 2a and 2b) presented a faint staining in the centromeric regions. In P. unifilis, strong staining was present in the centromeric regions of most chromosomes and in the secondary constrictions of pairs 13 and 14 (Figure 2c and 2d) .
A positive CBG-band was present in the short arm of the metacentric pair 13 of P. expansa, whereas a positive interstitial band was observed in the long arm of the telocentric chromosome 13 in P. unifilis. These observations suggest that a pericentric inversion that did not affect the heterochromatin may be responsible for the morphological difference of pair 13 between both species. Pair 14, which is telocentric in both species, presented a heterochromatic block in its secondary constriction in P. unifilis, which was absent in P. expansa, suggesting the occurrence of a heterochromatin duplication in the long arm of the first species.
GTG-banding was used to individually identify the chromosomes and to look for chromosome rearrangements between the species (Figure 2e ). This comparison confirmed the divergence observed after CBG-banding in pair 14: two dark bands and one light interstitial band were present in P.unifilis, whereas one light band in the centromeric region and one dark telomeric band were evidenced in P. expansa, confirming the duplication.
The Ag-NORs were located in an interstitial position associated with a secondary constriction in pair 1 (Figure 3 ) of both species, co-localized with a positive CBG-band. The coincidence of staining with both techniques could be related to the presence of proteins in this region that would make it less sensitive to the acidic treatment used during CBG-banding.
The diploid number of 2n = 28 and the fundamental numbers FN = 52 and FN = 54, observed in P. unifilis and P. expansa, respectively, are in agreement with the diploid numbers described by Ayres et al. (1969) and Huang and Clark (1969) . The morphological divergence in pair 13 -telocentric in P. unifilis and submetacentric in P. expansais the main distinctive characteristic between both species. This is the first report of the CBG-banding patterns of P. expansa and P. unifilis, which showed predominantly centromeric bands, whereas in P. vogli the heterochromatin was interstitial and telomeric (Ortiz et al., 2005) .
The sequential analysis of the same metaphases using conventional Giemsa staining and CBG-banding was efficient for comparing and identifying chromosome differences between the karyotypes of the two Podocnemis species. We were able to confirm an inversion in pair 13 and a duplication in pair 14 of P. unifilis, through the observation of constitutive heterochromatin associated with secondary constrictions.
The secondary constriction in the short arm of pair 1 of both species was the site of the nucleolus organizer region (NOR). This is in accordance with the results of Fantin and Monjeló (2011) and suggests a significant similarity to the single NOR-bearing chromosome identified in P. sextuberculata and P. vogli (Ortiz et al., 2005) .
Species in the genus Podocnemis are characterized by low diploid numbers (2n = 26 and 28) and the absence of microchromosomes and sex chromosomes, whereas in 354 Gunski et al. 
